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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus 
which is capable of putting gas into molten metal in the 
form of small pores or air bubbles having nearly the 
same volume and having adjustable sizes and a method 
of forming the desired foamy metal. 
SOLUTION: At least one gas feed pipe 1 projects and 
intrudes into the molten metal S and has a gas outlet 
section 2 having an area of 0.006 to 0.2 mm2 and a pipe 
end face 3 smaller than 4.0 mm2 at the intruding end. 
The uniformity of the diameters or sizes of the respective 
separate bubbles exists and the sizes of the air bubbles 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide an apparatus which is capable of putting 
gas into molten metal in the form of small pores or air bubbles having nearly 
the same volume and having adjustable sizes and a method of forming the desired 
foamy metal. 

SOLUTION: At least one gas feed pipe 1 projects and intrudes into the molten 
metal S and has a gas outlet section 2 having an area of 0.006 to 0.2 mm 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s ho\vs the word which can not be translated. 

3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Equipment characterized by having the gas outlet cross section (2) which a gas supply line (1) 
projects, and enters to a molten metal (S), enters, and has the area of 2 0.006-0.2mm in an edge in the 
equipment into which gas is put to the molten metal which consists of the metal which can be foamed 
with at least one tubing in order to manufacture a foamy metal, and a tubing end face (3) smaller 4.0mm 
than 2. 

[Claim 2] Equipment according to claim 1 with which outlet opening (2) of a gas supply line (1) is 
characterized by the thing of the maximum inside dimension (D2) of outlet opening (2) constituted so 
that it may enter by one (E) at least 10 times the magnitude of this to a molten metal if possible at least 5 
times. 

[Claim 3] Equipment according to claim 1 or 2 characterized by the gas supply line (1) having a circular 
gas outlet (2) and the tubing edge, or a tubing end face (3) in a circle. 

[Claim 4] Equipment of one publication of claim 1-3 with which the gas supply line (1) which enters to 
a molten metal (S) is characterized by having the outside profile (6) of the shape of the shape of a 
spherical segment, the shape of OFF frustum, and a truncated pyramid in the range of a gas outlet edge 
(2) at least 

[Claim 5] Equipment of one publication of claim 1-4 characterized by the angle (alpha) which a 
trapezoid front face (6) makes with the axis (7) of a gas supply line (1) having a value smaller small if 
possible than 45 degrees from 60 degrees. 

[Claim 6] at least two -- more [ if possible ] gas supply lines (1, 1', 1") than two — especially - if 
possible - each to the molten metal of outlet opening which enters and has a value with larger 
magnitude (E) than 10 times - at intervals of mutual [ same ] (Al, A2) (A>— lOxE) Equipment of one 
publication of claim 1-5 characterized by being prepared in the exchangeable tuyere stock (8) in the 
molten metal container (9) of a foamy metal manufacturing installation. 

[Claim 7] In order to manufacture a foamy metal, are equipment into which gas is put to the molten 
metal which consists of the metal which can be foamed with at least one tubing, and a gas supply line 
projects, enter and enter to a molten metal, and it sets at the edge. Equipment characterized by for a gas 
supply line entering at least and having changed to the range of an edge from ** and a ceramic in a thing 
with the gas outlet cross section (2) which has the area of 2 0.006-0.2mm, and a tubing end face (3) 
smaller than 2 4.0mm. 

[Claim 8] Equipment according to claim 7 characterized by ceramics being an oxide ceramic, especially 
an aluminum-oxide ceramic. 

[Claim 9] The approach that the homogeneity of the diameter of each individual bubble or magnitude 
and magnitude of air bubbles are characterized by being controlled by accommodation of the inflow 
parameter of the gas to the geometric configuration and metal molten metal of a nozzle in the approach 
of manufacturing a foamy metal by blowing in of the gas to the metal molten metal in which foaming is 
possible. 

[Claim 10] the homogeneity of the magnitude of an individual bubble - the gas supply line to a molten 
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metal entering » the approach according to claim 9 that it is obtained and magnitude of an individual 
bubble is characterized by being controlled by the magnitude of a gas outlet cross section, the magnitude 
of a supply pipe end face, and magnitude of gas pressure. 

[Claim 1 1] or [ that gas vibrates around the average ] - or the pressure to change - or the equipment 
according to claim 9 or 10 characterized by supplying a molten metal by the nozzle moved so that it may 
vibrate. 

[Claim 12] gas ~ 0.3-12bar — the approach according to claim 9 or 10 characterized by what is blown by 
the pressure of **** 0.7 - 5bar. 

[Claim 13] a metal molten metal — a light metal — the approach according to claim 9 to 12 characterized 
by being created from **** aluminum or an aluminum alloy. 

[Claim 14] The approach of one publication of claim 9-13 characterized by using a SiC particle or 
20aluminum3 particle and another non-metallic particle, or the phase between metals in order to create 
the metal molten metal in which foaming is possible. 

[Claim 15] The approach of one publication of claim 9-14 characterized by using the particle which, if 
possible, stabilizes 1-50 micrometers of foamy metals with the magnitude of 3-20 micrometers. 
[Claim 16] The approach of one publication of claim 9-15 characterized by creating the metal molten 
metal which has the volume rate of the particle of 18 - 28 volume % in order to 2-50 volume % Become, 
and which can be foamed. 

[Claim 17] It is the approach of one publication of claim 9-16 which gas sets spacing S (mm) by S=- 
1 1.5+144.6xP-0.55 at least, is blown below a molten metal in that by which the homogeneity of each 
bubble diameter or magnitude and the magnitude of a gas bubble are controlled, and is characterized by 
P being the numeric value (volume %) of the particle content of a molten metal here. 
[Claim 18] oxygen content Guth - the approach of one publication of claim 9-17 characterized if 
possible by air, especially blowing pure oxygen substantially. 

[Claim 19] The foamy metal body characterized by breaking the diameter of the maximum air bubbles 
with the diameter of the minimum air bubbles, and producing a value smaller than 2.5 in the foamy 
metal with the air bubbles divided with the wall which consists of a floating metal base material with a 
solid reinforcement particle which can be flowed. 

[Claim 20] In what a foamy metal body has the stoma which is spatially distributed over homogeneity 
and is surrounded with the wall of immobilization, and a wall consists of a metal base material, and 
consists of the particle blown into this base material The foamy metal body to which a stoma is 
substantially characterized by spherical or it being closed in the shape of an ellipsoid, and being formed, 
and the greatest diameter of a stoma being distributed over the single mode, respectively, being formed 
from each bubble with which the stoma was stabilized substantially, and covering the wall internal 
surface with the oxide selectively at least. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment into which gas is put to the molten metal 
which consists of the metal which can be foamed with at least one tubing in order to manufacture a 
foamy metal. 

[0002] Furthermore, this invention relates to the approach of manufacturing a foamy metal, by blowing 
gas into the metal molten metal which can be foamed. 

[0003] In an innovative technique, an ingredient with a new property is needed increasingly. A foamy 
ingredient is such an ingredient, on the other hand, has little remarkable specific gravity as compared 
with a solid ingredient, and has a different mechanical property on the other hand and a completely 
different material property. 
[0004] 

[Description of the Prior Art] Various approaches are well-known in order to manufacture a foamy 
metallic material. For example, you can add the matter to a metal molten metal, and it can be made to be 
distributed in this, and these matter is disassembled in the melting temperature to which the metal phase 
was given, generating gas. or [ being formed in a molten metal in that case ] ~ or the formed air bubbles 
condense and a bubble object is created in this way. 

[0005] Furthermore, the foaming approach of putting in down to the so-called front face of the metal 
which fused gas and which can be foamed, and foamy composite material, and creating a foamy metal in 
this way is also well-known. 

[0006] the [ international application ] - such [, for example ] a continuous foaming approach is well- 
known from WO 91/No. 01387 or the Europe patent application announcement No. 483184 description. 
[0007] An eddy can perform putting in gas to a liquefied metal according to the Europe patent 
application announcement No. 545957 description, the stoma of a different diameter exists in the bubble 
ingredient which it does in this way, and is formed, and is solidified, and, as a result, a not much 
unreproducible material property arises. The magnitude of the stoma in a bubble object and 
accommodation of distribution are not possible to sufficient extent. 

[0008] According to the U.S. Pat. No. 5281251 description, putting in gas to a molten metal is 
performed by the feeder which has gas outlet opening in the wing edge of the outside constituted like a 
whisk. The U.S. Pat. No. 5334236 description is indicating the similar operation gestalt or the vibrating 
nozzle of an introductory means. 

[0009] In order to perform effective bubble formation, adding gas to molten metal was also proposed by 
the vertical nozzle with the propeller-like agitator which rotates in order to make it circle in air bubbles 
further through the nozzle of a large number like an oscillating nozzle room (the Europe patent 
application disclosure No. 544291 description). 

[0010] The stoma or air bubbles in which a fault common for all the well-known equipments that 
manufacture a foamy metal by blowing in of the gas to a molten metal has large variation of tolerance is 
formed, and the magnitude and magnitude distribution are being unable to adjust like a request. As a 
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result, comparatively large specific gravity and the material property which can reproduce a foamy 

metallic material insufficiently often arise so that desirably. 

[0011] 

[Problem(s) to be Solved by the Invention] This invention offers relief measures and aims them at 
offering the equipment of a class which can put gas into a molten metal in the form of the stoma which 
can adjust magnitude with the almost same volume, or air bubbles and which raised to the beginning 
here. Another object of this invention is showing the approach of creating a desired foamy metal. 
[0012] 

[Means for Solving the Problem] In the equipment of a class which raised first, according to this 
invention, a gas supply line projects and this object is reached by having the gas outlet cross section 
which enters, enters to a molten metal and has the area of 2 0.006-0.2mm in an edge to it, and a tubing 
end face smaller 4.0mm than 2. 

[0013] Substantially, stable bubble separation criteria are given to a gas supply line for the specific 
magnitude in the case of formation of a stoma, and the advantages acquired by this invention are things. 
[0014] If put into gas through the hole in a nozzle plate, a bubble will arise to the metal by the 
conventional technique which can be foamed, and, as a result, amplification of the bubble adhesion 
range will take place to the surroundings of a hole to it so that I may understand as a result of an 
experiment. Since the magnitude of the bubble formed in the place of a nozzle plate in the event of 
separation and that case does not take strict narrow principle nature, a foamy metal with a bubble with a 
different diameter is formed. If two or the hole beyond it is established in the nozzle plate in order to put 
in gas to molten metal, while amplification of each bubble adhesion range in a plate front face advances 
and each bubble forms an excessive bubble, it is set to one, and this moves against desired bubble 
formation. Although to perform gas separation of a nozzle or division of large air bubbles by the relative 
motion of gas inlet opening or eddy formation in a metal as stated first was already tried, it did not 
produce desired effectiveness in extent with this sufficient. 

[0015] The stable cellular separation criteria of the request in a molten metal will not be given without 
the geometric configuration by this invention of a gas supply line, and the foamy metal with which these 
criteria are substantially formed according to the individual foam volume product of the same height and 
it will be produced. 

[0016] Configuration of equipment It can carry out advantageously as outlet opening of a gas supply 
line is constituted so that it may enter by one at least 10 times the magnitude of this to a molten metal if 
possible 5 times, even if there are few maximum inside dimensions of outlet opening, thereby, the 
bubble in a molten metal is especially effectively stable -- it strips off and criteria are acquired. 
[0017] If the gas supply line has circular gas outlet opening and the tubing edge, or a tubing end face in 
a circle so that advantageously, the especially economical tube-end configuration for controlling the 
magnitude of air bubbles will be obtained. 

[0018] In order to obtain large stability and the high abrasion resistance of the equipment in foaming 
operation by the small end face of a gas supply line, if the gas supply line which enters to a molten metal 
has the outside profile of the shape of the shape of a spherical segment, the shape of a truncated cone, 
and a truncated pyramid in the range of a gas outlet edge, it is advantageous at least. It is advantageous 
to constitute the outside profile of a gas supply line as the angle which a trapezoid front face makes with 
the axis of a gas supply line in that case has a value smaller small if possible than 45 degrees from 60 
degrees. 

[00 1 9] equipment - even if it takes into consideration the quality of the output of equipment, and , 
manufacture technically - at least two - more [ if possible ] gas supply lines than two - especially - if 
possible - each to the molten metal of outlet opening which enters and has a value with larger 
magnitude than 10 times - if prepared in the exchangeable tuyere stock in the molten metal container of 
a foamy metal manufacturing installation at intervals of mutual [ same ], a still more remarkable 
advantage will arise. Thus, preparation of large high-class foam volume is possible for a short time, and 
especially this is desirable in the case of reprocessing of large-sized components depending on the case. 
[0020] Though the homogeneity of the cellular volume is acquired by the equipment of a class which 
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raised first about the result in an individual experiment and small-scale mass production operation of 
having excelled In the case of the experiment of the preparation possibility of the foamy metal for the 
high production of the member of car industrial use, and a compound member The dimension 
configuration of equipment changed with the reactions of molten metal pervasion or equipment, and a 
molten metal during permanent operation, and it was checked that the guarantee of the stable cellular 
separation criteria in permanent operation is not given any longer by that cause. 

[0021] thereby, antecedent-basis attachment **** and this invention are crossed to long duration also in 
permanent operation, and are aiming at another configuration from which stable cellular separation 
criteria are acquired in the case of foaming of a metal molten metal. 

[0022] Long time amount is covered also in permanent operation, and the technical problem that the 
equipment with which stable cellular separation criteria are acquired in the case of foaming of a metal 
molten metal is constituted is solved, when a gas supply line enters at least and has changed to the range 
of an edge from ** and a ceramic. 

[0023] In this way, the advantage acquired is as follows. Namely, with the configuration by this 
invention of equipment, even if a dimension configuration is still eternal even if it carries out long 
duration contact with the elevated-temperature metal molten metal of 100 Centigrade numbers at least, 
-therefore it often uses equipment over long duration, stable cellular separation criteria are acquired in the 
case of foaming of a metal molten metal. Now, the high configuration stability and the long duration of 
service of the equipment by this invention make it possible to offer the foamy metal of eternally high 
quality in permanent operation without repair of equipment or exchange in the case of contact to a 
molten metal. The following information is used in that case. That is, in case it reacts slowly remarkably 
with a metal molten metal as compared with the part formed from the ceramic of equipment, and the 
steel equipment with which the whole equipment was used until now depending on the case and gas is 
supplied to a molten metal in the same dimension configuration as coincidence in that case, formation of 
a hydrophobic system is enabled about cellular formation. 

[0024] In the equipment by this invention, especially high reaction inactive, therefore the outstanding 
operating property are acquired as ceramics are an oxide ceramic, especially an aluminum-oxide 
ceramic. — ^ 
[0025] The technical problem of this invention of showing the approach of the class raised to the ■ 
beginning whose creation of a high-class foamy metal is enabled by blowing in of the gas to the metal in 
which foaming is possible is solved by controlling the homogeneity of the diameter of each individual J 
bubble, or magnitude, and the magnitude of air bubbles by accommodation of the inflow parameter of J 
the gas to the geometric configuration and metal molten metal of a nozzle. 

[0026] In this way, the advantage of the foamy metal obtained is improving the support criteria of a 
metal partition remarkably about the low specific gravity of a bubble object, and a desired material 
property substantially, especially, in case mechanical load's requires the bubble of the same magnitude. 
[0027] according to [ when a foamy metal body is required by the direct system from which the bubble -~ 
of the respectively same magnitude differs corresponding to an activity ] this invention - the 
homogeneity of the magnitude of an individual bubble - the gas supply line to a molten metal - 
entering - it is obtained and the magnitude of an individual bubble is simply controlled by the 
magnitude of a gas outlet cross section, the magnitude of a supply pipe end face, and magnitude of gas 
pressure. That is, if the foamy metal body has the air bubbles of the respectively same volume, however I 
different magnitude, the material properties in the case of deformation also differ, this receives like a J 
specific activity eye, and the body which fitted it best can be created. 

[0028] or [ that gas vibrates around the average so that I may understand as a result of a large-scale 
experiment ] - or the pressure to change - or if a molten metal is supplied by the nozzle moved so that 
it may vibrate, the homogeneity of the magnitude of air bubbles can be raised further. 
[0029] method engineering —like ~ however, product quality - also being related - gas - 0.3-12bar - 
it is still more advantageous if it blows in by the pressure of **** 0.7 - 5bar. 

[0030] a metal molten metal - a light metal - if created from **** aluminum or an aluminum alloy, 
especially, it is light or a foamy metal body with small volume weight can be created. Thereby with' 
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mass with a small member, the material property demanded from many sides can be acquired. 
[003 1] The configuration of metaled foaming possibility however a bubble base material, or **** will 
also be remarkably improved, if the particle which consists of a SiC particle or 20aluminum3 particle 
and another non-metallic particle, or the phase between metals is used in order to create the metal 
molten metal which can be foamed. If the particle which, if possible, stabilizes 1-50 micrometers of 
foamy metals with the magnitude of 3-20 micrometers in that case is used and it is distributed over 
homogeneity to a bubble base material, it is advantageous about strong stability, especially the 
crookedness reinforcement of ****, and the result of having excelled will be obtained if the metal 
molten metal which has the volume rate of the particle of 18 - 28 volume % to 2-50 volume % Come [ a 
mother metal ] and which can be foamed is created. 

[0032] When carrying out continuous foaming by the aforementioned approach, in few particle contents 
of especially a molten metal, it turned out that there are few [ the bubble to which it is above a molten 
metal front face and a particle and a metal adhere ] things to do for an extent burst, the metal which can 
flow by that cause -- it is foamy, and since a bubble may be collected, the foamy metal to solidify may 
have the stoma large one layer formed from the individual bubble beyond two or it, and these stomata 
may serve as a starting point of a poor ingredient, in case mechanical load is applied and a large 
punctiform pressure is applied especially. 

[0033] The object of this invention into which an approach is developed sets spacing S (mm) by S=- 
1 1.5+144.6xP-0.55 at least, gas is blown below a molten metal so that the partial burst of a bubble may 
be prevented substantially, and P is reached by being the numeric value (volume %) of the particle 
content of a molten metal here. 

[0034] If the minimum stroke must be progressed in the molten metal containing a particle in the case of 
lifting to a molten metal front face of the air bubbles into which it is put to the metal molten metal which 
should foam by dividing and preparing the lifting height by this invention, a particle can fully 
accumulate on the surface of air bubbles in this stroke, respectively and a bubble crosses a molten metal 
front face, the advantage acquired by development by this invention will be stabilized so that air bubbles 
may not be exploded. Thereby, now, the metal molten metal in which foaming of a low particle content, 
for example, 2 volume %, is possible can also shift to the stable foamy metal of high quality easily 
especially by taking the lifting height of suitable magnitude into consideration by this invention. 
[0035] furthermore, I understand -- as - oxygen content Guth - effectiveness with the minimum lifting 
height of air, especially the air bubbles which will be set by the particle content of a molten metal by the 
surprising thing if pure oxygen is blown substantially advantageous if possible can be heightened. It is 
because the oxide layer which carries out a reinforcement operation simultaneously is formed in the 
front face of the air bubbles to which the particle and the metal adhered. 

[0036] In order to prepare the raw material for manufacturing a foamy metal body with a desired 
material property, this invention aims at creating the foamy metal with the air bubbles divided with the 
wall which consists of a floating metal base material with a solid reinforcement particle which can be 
flowed. This object is reached, when the diameter of the maximum air bubbles is broken with the 
diameter of the minimum air bubbles and produces a value smaller than 2.5. If a different means with a 
high precision is used for the foamy metal in which such floating is possible, it will be formed in a 
member, and will be made to solidify and the specific consistency of a part and the compression 
property in the case of compressive-stress impression will be acquired according to the magnitude of the 
bubble according to individual, and the value of a ratio. The bubble member with the consistency of 
0.09-0. 1 1 receives the condensation to 70% in the compressive stress in which 0.25-0.8Mpa carries out 
small lifting. 

[0037] The foamy metal body which bears the high shape of a field and punctiform high mechanical 
load In the foamy metal of a class which raised first, a stoma is substantially closed spherically or in the 
shape of an ellipsoid, and is formed. The greatest diameter of a stoma is distributed over the single 
mode, and it is formed from each bubble with which the stoma was stabilized substantially, and is 
obtained by covering the wall internal surface with the oxide selectively at least, respectively. 
[0038] It has the stoma box-frame construction reinforced with an oxide in advantageous single mode 
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magnitude distribution of the stoma distributed over homogeneity in three dimensions about the isotropy 
of a mechanical property, and the load impression possibility raised by that cause in the case of an 
activity is acquired, or the foamy metal body by this invention can raise the duration of service of a 
member by the metal bubble unit. Since a stoma is constituted so that it may be substantially equivalent 
to the bubble with which each of the metal bubble with which a stoma can flow was stabilized, the 
foamy metal body by this invention is suitable for using it for a member only in the high field-like load 
also in the high load which appears mainly in punctiform. 

[0039] This invention is explained below by the drawing in which one example is shown, respectively at 

a detail. 

[0040] 

[Example] The gas supply line 1 into which only a dimension E enters to a molten metal is shown in 
drawing 1 . The gas supply line 1 has eternal wall thickness with the tubing end face which projects to a 
molten metal S between an internal surface 4 and an outside surface 5. 

[0041] Drawing 2 shows the gas supply line 1 to a molten metal S which enters and has a dimension, 
this tubing 1 has the outside profile 6 of the shape of the shape of a truncated cone, and a truncated 
pyramid in the outlet range, and this outside profile is making the angle to the axis of a gas supply path 
in the extension. With such a configuration format of a gas supply line 1, the tubing end face which has 
the minimum unit area to the place of the edge can be formed in the high stability and the high strength 
of a member. 

[0042] A configuration format with the tuyere stock 8 which demounts in the wall 9 of a molten metal 
container if possible, and is formed in it possible from drawing 3 is known, tuyere stock - eight --**** 
-- a molten metal - S ~ entering - three -- a ** - a gas supply line - one - one - ' - one -- " - mutual 
-- spacing - A - one -- and - A -- two -- setting - preparing -- having __**** When a foamy metal 
with such bubble magnitude which is different although the exchangeable tuyere stock 8 has the same 
individual foam volume product substantially easily should be manufactured, it is used by preference. It 
is because the magnitude of formation criteria, i.e., a gas outlet cross section, and the magnitude of a gas 
supply tube-end side can change in a short time by that cause. 

[0043] A schematic-diagram side explains a bubble molding machine style again briefly. 
[0044] If put into gas to a molten metal S, a **** bend will be formed in the outlet opening 2 of a 
supply pipe 1 in a molten metal. Around this bend that becomes large, a molten metal hangs down 
around this bend that becomes large in the perimeter side of gas outlet opening. Since now a 
hydrophobic system exists in the interface system of a molten metal/wall, the bond strength of the 
surrounding molten metal of gas outlet opening is small, and, thereby, field-like migration of a cellular 
separation phenomenon and the cellular boundary of the place of a wall produces it. Thereby, the 
separation conditions of air bubbles are substantially indefinite, and it becomes the cause of bubble 
magnitude by which they differ. If it is going to create a bubble by two or more adjoining outlet 
openings, when the most, these bubbles will be collected, foaming of a request will be barred by that 
cause, or the uneven bubble-like structure of a foamy metal will be formed. 

[0045] Now, if the gas supply line 1 which projects, for example by this invention has a bore D2, the gas 
outlet cross section 2, and an outer diameter Dl,- as a result, the dimension of the tubing end face 3 will 
arise. 

[0046] However, in case gas is put in to a molten metal, it moves only to the rim of the tubing end face 3 
on a cellular boundary, but, thereby, the remarkable effect on separation criteria exists. Since the 
contiguity gas supply line 1 which enters to the molten metal S in which foaming is possible, T, and 1" 
of predetermined separation criteria of air bubbles are also formed for the field which returns in the rim 
of an end face 3, a settlement and generating of a large bubble are prevented substantially. 
[0047] Furthermore, the configuration of this invention is further explained with reference to drawing 4 
and 5. 

[0048] Various aluminum alloys, for example, AlSi7Mg, which contains a particle in a large-scale 
experiment sequence, respectively, The aluminum alloy substantially known as A3 56 including 7% of 
the weight of silicon, and 1% of the weight of magnesium besides aluminum, Or melting of AA6061 
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(aluminum alloy with the presentation by an aluminum association's specification number 6061) was 
carried out in the melting crucible, and accommodation of the particle content in a molten metal was 
performed by mixing of an alloy without the particle which is in agreement with a scientific presentation 
depending on the case, for example. Then, gas was supplied to the particle content molten metal. In all 
experiments, supply was performed through each nozzle object with outlet opening, and the nozzle pair 
which consists of chromium-nickel steel and a ceramic was used. 

[0049] The endurance of various nozzle objects was inspected in the 1st experiment sequence. On the 
other hand, the time amount for 20 seconds - 45 minutes was covered by the chromium-nickel steel 
nozzle again, and change of the configuration of gas outlet opening was optically checked by molten 
metal pervasion in ZURU of the steel used by the aluminum-oxide nozzle about 2 minutes or more on 
the other hand at the time of implementation of five foaming experiments, respectively. The metal 
bubble which a foaming process begins, and is created by the end in accordance with it, and is removed 
from a molten metal front face had various apertures. Unlike this, with the nozzle object which consists 
of an aluminum oxide, such change of a dimension configuration was not seen by continuous duty [ / in 
45 minutes ], either. Therefore, all experiment time amount was able to be covered and the foamy metal 
with an equivalent stoma property was able to be created. Other ceramic ingredients like Si02 or 
Si02/aluminum 203 can be used with the advantage over steel. However, the greatest time is obtained 
with the nozzle object which consists of aluminum 203. 

[0050] By the 2nd experiment sequence, with the nozzle object which consists of an aluminum oxide, 
lifting height S of the gas into which it is put in the particle content P which the molten metal fixed 
changed, and the property of the metal bubble formed in the various gas installation depth was 
inspected. The following property was shown in relation to the drawing 4 . For example, in few particle 
contents P of the molten metal of 2 volume %, if a metal bubble is formed in low lifting height S and a 
cross section is seen, the stoma currently formed from at least two bubbles exists. Such a stoma is 
simply accepted by being formed long and slender like an ellipsoid with the large ratio of a major axis 
and a minor axis. Such a property is found out in the inspected particle content by the lifting height 
range A of drawing 4 . However, lifting height S does not come to the range A of drawing 4 any longer, 
and in the given particle content P, if it is raised as it is in Range B, a foamy metal is created, and for the 
reason like the lifting line raised, a bubble can accumulate a particle in a front face enough, and, thereby, 
will be stabilized to the burst in a liquefied metal bubble. The line which separates the range A as which 
the required lifting height substantially found experimentally for perfect bubble stabilization is entered 
in drawing 4 to the various particle contents of a triangular form, and Range B shows the equilibrium 
line of the following general formula united with experimental data. 

Y=a+Xb [0051] When maintaining the minimum lifting height, the stoma which is selectively 
equivalent to each air bubbles to 99% or more to 95% or more with a sectional view in a metal bubble 
was checked. Drawings shows magnitude distribution of the stoma of the foamy metal which 
maintained the foaming conditions by this invention and was created. According to the single mode 
distribution of the magnitude of a stoma, the magnitude of a stoma is roughly [ whether it is smaller than 
the rate with 2mm of a stoma ] distributed in the average of 4mm by the rate with about 6mm of a stoma 
by extent almost same on both sides or the same frequency of the average so that the histogram of 
drawing 5 may show. 

[0052] In the 3rd experiment sequence, the effect of the gas to an ingredient presentation and an 
ingredient property blown was investigated. When oxygen content gas like also unexpectedly cheap air 
within the limits of secondary electron microscope (SEM) inspection was used at that time, it turned out 
that the additional layer which changes from an oxide to the subrange on the front face of a stoma is 
formed. As 5 - 7% of buildup of deformation energy required in order to compress the **** metal body 
by this invention into the half volume showed, an oxide layer acts so that it can reinforce to a foamy 
metal. In all, the buildup of about 10% of deformation energy raised further was accepted, when using 
oxygen pure as foaming gas. In such a case, as shown by SEM photography, the wall internal surface is 
substantially covered with the oxide to at least 90% thoroughly. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] A gas supply line is shown. 

[Drawing 2] A gas supply line with a cone size-like outside profile is shown. 
[Drawing 3] Tuyere stock with two or more gas supply lines is shown. 

[Drawjngj41 The relation of the minimum lifting height of a molten metal and particle content which are 
taken into consideration by this invention is shown. 

[Drawing 5] Stoma distribution of the foamy metal body by this invention is shown. 
[Description of Notations] 

1 Gas Supply Line 

2 Gas Outlet Cross Section 

3 Tubing End Face 
S Molten metal 
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